Objectives: This study was conducted 1/ to find out the effects of anatomical sites and implant types on the magnification and 2/ to evaluate the inter-observer variability on the evaluation using the digital panoramas taken at daily practices. Study design: Panoramic radiographs from 156 patients treated with implants were evaluated by three observers. The length was measured on the lateral aspect of the implant in 1:1 mode using image measurement program and the percent magnification was calculated. The inter-observer correlation coefficient was measured to express inter-observer variability using reliability analysis-scale. Results: The average magnification factor in the panoramic radiograph was 126.8% in the vertical plane. Location within the anatomic arch showed different magnification by a minimum of 119.4% to a maximum of 130.8%. The measurements among three examiners were well correlated showing correlation coefficient of 0.81. The differences between one side and the contralateral side were evaluated and it was shown that the differences were observed only in maxillary anterior and maxillary premolar regions. Additionally, the external non-submerged group had the highest magnification value. Conclusions: It can be concluded that digital panoramic radiographs showed sufficient accuracy and good interexaminer agreement. The radiographic magnification of implant length may be influenced by anatomical sites and implant types.
Introduction
There are more diagnostic tools available than ever before to assist the clinician in the pre-surgical planning of dental implants. Many techniques have been suggested to evaluate the bone quality, bone quantity and anatomical limitations (1, 2) . Radiographic examination is considered a prerequisite for preoperative planning in implant treatment and panoramic radiographs have been used widely in dentistry, especially in implant dentistry due to their availability and accessibility (3). In the digital system, the film-based image is replaced by a two-dimensional array of pixels. There are several studies investigating on the accuracy and precision of digital panoramic radiographs and most of the reports concluded that the digital panoramic system was equally as useful as conventional film-based panoramic radiographs (4, 5) . However, it was also reported that panoramic radiography had limitations of distortion, superimposition with variability in inter-examiner agreement (6) . This study was conducted (1) to find out the effects of anatomical sites and implant types on the magnification and (2) to evaluate the inter-observer variability on the evaluation using the digital panoramas taken at daily practices. , Osstem) were used. Panoramic radiographs were evaluated by three observers (one periodontist and two hospital corpsmen). In a clinical setting, the patient's head was placed in the x-ray apparatus using bite block supports. The sagittal plane was set at the vertical beam of the light-beam localizer. In this report, the technicians were calibrated for the technique prior to the study to reduce positional errors. All radiographs in this study were taken with digital panoramic system (Cranex ® , Soredex, Helsinki, Finland). According to the manufacturer's manual, 65 kV and 6 mA were set and the exposure time was 16 s. The equipment had CCD-sensor with active sensor surface of 147.5 x 6.1 mm 2 and provided a pixel size of 96 μm. The signals were acquired at a bit depth of 12 bit (=4096 gray levels). The length was measured on the lateral aspect of the implant in 1:1 mode using image measurement program (m-view TM , Marotech, Seoul, Korea). The percent magnification was established using the following formula: [radiographic magnification=(implant length measured on radiograph)/(actual implant length)*100%]. The average magnification factor in the panoramic radiograph was calculated in the vertical plane. The differences between one side and the contralateral side and the effect of implant length on magnification were evaluated. Separate analyses were made for three different implant systems (external submerged type, internal submerged type and internal non-submerged type). The inter-observer correlation coefficient was measured to express inter-observer variability using reliability analysis-scale (alpha). Two-way analysis of variance (ANOVA) post hoc (Tukey HSD) was used to test for differences between groups and the level of significance value considered was 0.05. Statistical analysis was performed using Statistical Package for the Social Sciences (version 16.0.2 for Windows; SPSS, Chicago, IL, USA).
Materials and Methods

Results
The average magnification factor in the panoramic radiograph was 126.8% in the vertical plane. Lower anterior region showed the lowest magnification and the lower premolar area generated the highest value ( Table 1 ). The differences between one side from the contralateral side were evaluated and it was shown that the differences were observed only seen maxillary anterior and maxillary premolar area ( Table 2 ). The effect of implant length on magnification was evaluated and it was shown that mean magnification for different implant length ranged from 124.2 to 128.6% with lowest value from the group with implants having longest length. Magnifications for three different groups of external submerged, internal submerged and external non-submerged group were 121.6 ± 9.5%, 126.3 ± 9.3%, and 130.6 ± 6.1%, respectively. It was seen that external submerged implant type had the lowest magnification and external non-submerged group had the highest value. The inter-observer agreement for the measurement of radiographic magnification showed good reliability with reliability coefficient alpha of 0.81.
Discussion
This study was performed to find out the effects of anatomical sites and implant types on the magnification using the digital panoramas taken at daily practices. Comparisons of film-based and digital radiography were performed previously and visualization of anatomical structures was reported to be worse in digital images than in film images (7) . However, this study showed that the digital panoramic radiographs showed sufficient accuracy with a minimum of 119.4% and a maximum of 130.8%, which supports the finding from conventional e665 Table 2 . Comparison between one side from the contralateral side.
*: Significant differences were seen between left and right sides (p<0.05). SD: Standard Deviation.
radiograph showing minimum of 120 and a maximum of 132 % (8). It is usually expected that an average magnification of 125% is seen in panoramic images (9) . The results from a dry skull showed that the vertical enlargement ratio varies between 121 and 129% (10) . Differences in magnification of implant length existed among the different location. Mandibular premolar region had the highest value of 130.8%, which was 3% higher than previous reported data (8) . Several studies have considered positioning errors as significant factor that could influence radiographic magnification (11, 12) . It was seen that only maxillary anterior and maxillary premolar region showed significant differences from each sides. Even though, upper incisors have the advantages of being single rooted and do not usually affected by overlap, they have the disadvantages of being more readily subject to positioning errors and superimposition of the cervical spine (6) . It is also reported that mandibular molars are usually better seen than other teeth on a panoramic radiograph and positioning errors have a less profound effect on these teeth. The calibration procedure of using bite block supports and vertical beam may have reduced the positional errors. The effect of implant length on magnification ranged from 124.3 to 128.6% with highest value from the group with implants having longest length and it can be assumed that the magnification occurs relatively evenly throughout the regions. There are only a few reports evaluating the effect of the different implant systems (13) . It was reported that only small differences were found between the different implant systems and the Straumann system seemed less affected by the calibration methods. Unlike this, internal submerged implant type showed the closest values (126%) to the average magnification factor of 125%. The external non-submerged type had the highest value and this may be due to the fact that this type of implant has the transmucosal compartment attached to the implant fixture and this may have lead to overestimated values. The value alpha was used to determine the inter-observer agreement. An alpha of 0.7 is widely accepted to be the cut off point to be acceptable and values between 0.7 and 0.9 are considered good (14) . Thus, it can be assumed that the inter-observer agreement using digital panoramas showed good reliability. The prospective clinical study using the panoramic radiographs to evaluate the preoperative planning of posterior mandibular implants showed that panoramic radiographs appeared to be sufficient to evaluate available bone height before insertion of posterior mandibular implants when a safety margin of at least 2 mm above the mandibular canal is respected (15) . Taken together, it can be concluded that panoramic radiographs showed sufficient accuracy with good interexaminer agreement. The radiographic magnification of implant length may be influenced by anatomical sites and implant types.
